Allozyme studies of two primarily parthenogenetic, large-lake Daphnia species, D. galeata mendotae and D. cucullata, revealed high clonal diversity and levels of enzyme polymorphism similar to those found in other groups of organisms. Temporal analyses showed moderate stability of genotypes. Hardy-Weinberg deviations were detected on some dates in D. cucullata, most often resulting from homozygote excesses. Thus, these populations show higher genetic diversity and greater temporal stability than expected on the basis of previous studies of permanent pond populations of other cladocerans.
INTRODUCTION
Cyclical parthenogens exhibit both asexual and sexual reproduction; they therefore allow the assessment of the genetic consequences and evolutionary ramifications of switching reproductive modes. Daphnia populations are of interest in this respect because of their capacity for cyclical parthenogenesis and because of the link between ecological factors and the timing and intensity of sexual reproduction. The association between the characteristics of the physical environment, the relative incidence of sexual reproduction, and the genetic structure of the population, has been previously emphasized (Hebert, 1980) . Most Daphnia populations inhabiting temporary ponds form sexual resting eggs which persist through dry periods until the proper environment reappears (some forms parthenogenetically produce resting eggs, see Hutchinson 1967, Hebert and Crease 1980) . In populations inhabiting permanent water bodies, the relative constancy of the environment appears to decrease the frequency of resting egg production. In some large-lake populations, resting eggs have not been found (Hutchinson, 1967: 596). Until recently, genetic studies of cyclically parthenogenetic Daphnia populations were confined to the pond species D. magna (Hebert, 1974a-d; Hebert and Ward, 1976; Young, 1979a, b) , D. pulex (Berger and Sutherland, 1978; Lynch, 1983; 1984a, b) , most populations of which are believed by Hebert (1983) to consist of obligately parthenogenetic individuals, and D.
carinata (Hebert and Moran, 1980) . In general, these studies have shown that permanent pond populations, when compared to temporary pond populations, tend to exhibit large fluctuations in genotypic frequencies, pronounced Hardy-Weinberg deviations, and low clonal diversity. The results suggest a relationship between the regularity of resting egg production and the genetic structure of pond populations.
Partly because of methodological problems caused by the small size of lake Daphnia, there are relatively few existing data on their population genetics (Mort and Jacobs, 1981; Jacobs, 1982; Mort, 1983; Wolf, 1984) . Large-lake species are important not only because of their low frequency of sexual reproduction, but also because they often undergo cycles of phenotypic change. It is of interest to know the genetic structure of populations which exhibit high amounts of phenotypic variability. The present study uses allozyme data from two large-lake Daphnia populations to illustrate that both genotypic diversity and temporal stability of were isolated. Low survivorship of clones was encountered, and was at least in part due to mortality resulting from animals caught on the surface film of the medium. D. cucullata were collected from a 12 m deep station in the 0.82 km2 Schöhsee (Plön, Holstein, F.R.G.; maximum lake depth=30m; mean depth = 13 m), by oblique tows with a 250 pm mesh plankton net. Daphnia were immediately transported to the laboratory and sorted for electrophoresis within 24 hours of collection. Although this population occasionally contains sexual females and males, only parthenogenetic females were used for electrophoresis. Clonal structure of the population was determined directly from field-caught individuals, by slicing starch gels to assay for multiple enzyme phenotypes per individual.
ELECTROPHORESIS

Daphnia galeata mendotae
Electrophoresis was carried out on 7 per cent polyacrylamide vertical slab gels (Aardvark Instruments) using methods modified from Manning et a!., (1978) . The gel consisted of 200 ml 0'l M Trisborate buffer (pH 8.9, 12'114g Tris, and 0'25g boric acid per litre water), 13.97 g Cyanogum (E-C Apparatus), 0'33 ml TEMED, and 1'66 ml 10 per cent ammonium persuiphate. Individual adult females were homogenised in an Adamcewicz microhomogeniser in which 15 tl of a tris-borate (pH 8.9) +bromophenol blue + 10 per cent sucrose solution had been placed. The electrophoretic separation was carried out at 350 volts for at least 2'S hours per application of homogenate. The gel slabs were then removed from the apparatus and incubated in the dark in stains modified from Shaw and Prasad (1970) . Stain recipes are given in Mort (1983) . The following enzymes were successfully stained in single individuals: glutamate oxaloacetate transaminase (GOT), phosphoglucomutase (PGM), alkaline phosphatase (ALK), alphaesterase (EST), beta-esterase (/3-EST), acid phosphatase (ACP), phosphoglucose isomerase (PGI), malic dehydrogenase (MDH), and xanthine dehydrogenase (XDH).
Daphnia cucullata
Electrophoresis was carried out on 11 per cent horizontal starch gels (DESAGA, Heidelberg) using methods modified from Wolf (1982) . The gel consisted of 80 ml 0.14 M Tris-citrate buffer (pH8'S, 16'4g Tris, 04g EDTA, and 4g citric acid per litre water), 112 litres water, and 130 g starch (SIGMA). Individual adult females were homogenised in Microtiter plates with 20 p.l Triscitrate (0,01 M) and bromophenol blue. The homogenate was soaked into filter paper wicks (Whatman No. 3) and loaded onto the gels. The electrophoretic separation was carried out at 10 mA for 0.5 hours. The wicks were then removed and the separation was continued for 5.5 hours at 30 mA. The gel slab was separated into three to four slices and incubated in the dark in stains slightly modified from Wolf (1982) . The major modification of the protocol is the deletion of Triton from the gel; instead, 50 il Triton X-100/lOOml stain is added to PGI, PGM, and MDH. PGI and PGM have sufficiently different mobility so that they may be stained on the same slice. The other enzymes stained were: GOT, fumarase (FUM), lactate dehydrogenase (LDH), NADP-dependent malic dehydrogenase (ME), glucose-6-phosphate dehydrogenase (G-6-PDH), and 6-phosphogluconate dehydrogenase (6-PGDH). Cyclical phenotypic change, also known as cyclomorphosis (see Hutchinson, 1967) Enzyme phenotypes For D. galeata mendotae, four polymorphic loci (GOT, PGM, ALK-2, EST-2) were used to investigate the genetic structure of the population. Segregation at these loci could not be confirmed by mating experiments because of unsuccessful attempts to induce mating in the laboratory. Thus, the genetic basis of the enzyme patterns is inferred from laboratory-raised individuals and from previous studies (Hebert and Ward, 1972) . GOT, a dimeric enzyme, exhibited two phenotypes, singlebanded and triple-banded, which were identified as SS homozygotes and SF heterozygotes, respectively. PGM, a monomer, exhibited three phenotypes: two single-banded designated FF and SS homozygotes and one double-banded designated an SF heterozygote. The alpha-EST staining procedure yielded two zones of activity, EST-1 and EST-2. EST-1 activity was not found in all individuals and is not further considered. EST-2, a monomer, showed three phenotypes: two single bands designated SS and FF homozygotes and one double band designated an SF heterozygote. Four zones of alkaline phosphatase activity were detected in D. galeata mendotae, probably representing enzyme activity at four distinct loci. Only the second zone, ALK-2, was found in all individuals. Three enzyme phenotypes were present at ALK-2: two single-banded patterns designated SS and FF homozygotes and one double-banded pattern designated an SF heterozygote. EST-2 and ALK-2 phenotypes were stable in laboratory clones.
In D. cucullata, of the four polymorphic loci identified, two (PGI, PGM) were regularly used to investigate the genetic structure of the population. PGM exhibited three phenotypes: two single bands interpreted to represent SS and FF homozygotes and one double band designated an SF heterozygote. PGI, a dimeric enzyme, is polymorphic for four alleles represented by ten phenotypes: SS, SS, MM, FF, SS, SM, SF, SM, SF, MF.
Homozygotes were single-banded; heterozygotes were triple-banded. On a few occasions, MDH activity was high enough that it could be assayed as a third locus in individual Daphnia. MDH, a dimeric enzyme, is polymorphic for three alleles resulting in six phenotypes: SS, MM, FF, SM, SF, MF. MDH homozygotes were single-banded; heterozygotes were triple-banded. GOT could only be assayed in exceptionally large D. cucullata, which were present only on a few occasions. Two alleles resulting in three phenotypes (SS, FF, SF) were detected. Homozygotes were single-banded; heterozygotes were triple-banded.
Clonal diversity For the D. galeata mendotae population, clonal structure was investigated by electrophoretic analysis of 27 clones established from field collections. Analysis at four loci (GOT, PGM, ALK-2, EST-2; table 1) revealed 14 distinct genotypes. Because of scoring difficulties, data at the ALK-2 locus is limited to 1981. At ALK-2, genotypes remained stable ( fig. 2) 
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DISCUSSION
The level of enzyme variability in both D. galeata mendotae (66 per cent, based on nine loci) and D. cucullata (44 per cent, based on nine loci) is higher than the 11 per cent polymorphism reported by Hebert (1980) for D. magna (based on 15 loci) and D. carinata (based on 17 loci, Hebert and Moran, 1980) . Since the present estimates of polymorphism are based on fewer loci, it can be argued that the addition of more loci would decrease the estimates. If six additional loci had been examined and found to be monomorphic, the levels of polymorphism would remain high at 40 per cent for D. galeata mendotae and 26 per cent for D. cucullata. In addition, more recent studies on D. pulex report 47 per cent polymorphism (based on 17 loci, Berger and Sutherland, 1978) and 67 per cent polymorphism (based on 15 loci, Lynch 1984a). On the basis of the low levels of polymorphism and the differences in the clonal composition of different populations of D. magna and D. carinata Hebert (1980) suggested that Daphnia populations were prone to founder effects followed by inbreeding because of the presence of only a small part of the genetic variability of the species in any single population. This conclusion does not seem to be extendable to populations of other Daphnia species, which exhibit levels of polymorphism similar to the 30 per cent to 50 per cent detected in other organisms (Lewontin, 1974 (Young, 1979b; Lynch, 1984a) . Hebert (1984) and Lynch (1983; 1984a) have suggested that clonal diversity in the primarily parthenogenetic large-lake populations should be low due to the erosion of genotypic diversity via long-term selection. If long-term erosion of clonal diversity is occurring in the populations considered here, then it is slight, and the low amount of sexual reproduction is apparently sufficient to re-establish genotypic diversity. Genetic diversity could also be augmented by hatching of sexual resting eggs produced during previous seasons. Resting eggs deposited in the lake sediments can persist for several years before hatching (Herzig, 1984) . The resting eggs may provide a reservoir from which genetic diversity could be replenished, especially after periods of harsh selection or population bottle-necks.
In D. galeata mendotae, temporal stability of genotypes was observed at the GOT locus but not at the ALK-2 locus. The large changes at the ALK-2 locus in the October sample coincided with the onset of sexual reproduction. Since sexual females were not used for electrophoresis, the changes in genotypic frequencies may reflect differential expression of sexual reproduction among genotypes, as has been noted in D. pulex (Lynch, 1983) , although the changes are too large to be explained only by this phenomenon. In the D.
cucullata population, significant temporal heterogeneity was observed at both PGM and PGI. In both cases, the temporal heterogeneity was produced by a rise in frequency of a common homozygote, suggesting a shift in the genetic structure of the population.
Thus, significant temporal heterogeneity of genotypes was observed in both the D. galeata mendotae and the D. cucullata populations. The temporal fluctuations, however, are not as pronounced as those reported by Hebert and Ward (1976) for permanent D. magna populations. The present study provides evidence for relative stability of genotypes in lake populations when compared to permanent pond populations. Jacobs (1982) , however, reports larger shifts in genotypic frequencies from summer to winter in D. cucullata and D. hyalina (another lake species). Study of more populations is needed before a general statement can be made about patterns of genotypic fluctuations in lakes.
Many studies of permanent Daphnia populations have revealed significant deviations from Hardy-Weinberg proportions mostly due to heterozygote excesses (Hebert, 1983) . Hebert (1983) has suggested that such findings signify heterosis and should be expected in permanent populations where prolonged parthenogenesis allows the time for culling of genotypes by natural selection. In the present study, the D. galeata mendotae population exhibited no deviations from Hardy-Weinberg proportions at two loci on any single sampling date; only after pooling all samples was there evidence for heterozygote excess at the GOT-locus. The D. cucullata population exhibited, at various times, Hardy-Weinberg deviations at both PGI and PGM. At the PGM locus, deviations were due to homozygote excesses. At the PGI locus, homozygote excesses were more common than heterozygote excesses but both types were observed. Thus, in the present study, there is a lack of compelling evidence for the heterosis thought to be operating in pond populations (Hebert, 1983) , although more populations must be examined before general statements can be made.
Experimental manipulation of natural populations indicates that D. galeata mendotae genotypes respond differently to strong environmental perturbations (Mort and Jacobs, 1981) . The present study, however, suggests a stable genotypic assemblage with only weak selection acting among clones under natural levels of environmental change. If lake clones are responding differently to environmental changes, then the effect may be slight shifts in clonal abundances rather than the clonal replacement seen in pond populations (Lynch, 1983) . The results of the present study seem more consistent with Lynch's hypothesis (1983) that permanent populations should consist of generalist genotypes selected for similar phenotypic responses to a seasonal environment. The regularity of the phenotypic cycles exhibited by lake populations may be an indication that different genotypes have been selected for similarity in average phenotypic responses.
